The article analyses the potential impact of Brexit on the voting power of member states and indirect voting power of EU residents in the Council, in the case of adopting decisions by the qualified majority of votes.
On 29 March 2017, the United Kingdom (UK) government officially launched the procedure for a member state's withdrawal from the European Union (EU). This was the consequence of the referendum of 23 June 2016, in which the citizens of the United Kingdom of Great Britain and Northern Ireland voted for the country's withdrawal from the European Union. Although the referendum itself was only of non-binding, consultative nature, it led to the initiation of the process of leaving the EU under article 50 of the Treaty on European Union. This event, unprecedented in the history of European integration so far, poses a big challenge for the EU. At the same time, the UK's withdrawal from the EU will have an impact on the weighted voting system in the Council and the voting power of member states in that institution.
In the double majority system, when a decision in the Council is taken on the initiative of the European Commission or the High Representative of the Union for Foreign Affairs and Security Policy, a qualified majority constitutes at least 55% of the members of the Council (at least 16 in the case of its full composition) representing the participating member states, the total population of which is at least 65% of the population of these countries and a blocking minority must include at least four Council
members (TUE: art. 16(4)).
In cases where not all the member states participate in voting, a blocking minority includes a minimum number of Council members representing more than 35% of the population of participating countries, plus one additional member (TFUE: art. 238(2)).
If the Council does not act on the initiative of the European Commission or the High
Representative of the Union for Foreign Affairs and Security Policy, the majority threshold for most countries is higher and support of at least 72% of the members of the Council is required. However, such situations are extremely rare and, therefore, have not been included in the further analysis.
Following the entry into force of the Treaty of Lisbon, the evolution of the compromise culture in the Council can be observed. In the case of decisions taken by qualified majority, objections or abstentions by states unable to block the decision are considered excessive and contradictory to the prevailing political culture. There is also an informal rule that, under the ordinary legislative procedure, the whole Council should defend the common position reached in this institution before the European Parliament (Novak 2013 (Novak : p. 1098 (Novak -1103 . At the same time, qualified majority voting (QMV) has become the default method of adopting decisions in the Council (TUE: art.16(3) ) and the Treaty of Lisbon has significantly expanded the scope of use of this method of voting (Miller, Taylor 2008: p. 79-85) . As a consequence, the ability of member states to form coalitions within the Council in order to influence the outcome of this institution's decisionmaking process has increased.
The aim of the article is to analyse the potential impact of Brexit on the voting power of member states and indirect voting power of EU residents in the Council, in the case of adopting decisions by the qualified majority of votes, as well as to determine to what extent the indirect voting power of residents from individual member states is equal. The leading hypothesis of the paper assumes that the fact of leaving the EU by the United Kingdom leads to another transfer of voting power to the benefit of the five countries with the largest populations. In the first and second parts of the paper, the basic notation and definitions, research questions, and used methodologies were presented. Next, the way of measuring the populations of EU countries for the purpose of qualified majority voting in the Council was introduced. Then, an analysis of the change of the voting power of Council members as a result of the UK's withdrawal from the EU was performed. In the fifth part of the article, the impact of Brexit on the indirect voting power of EU residents in the Council was presented. The article ends with conclusions.
Notation and definitions
In order to conduct a voting simulations in the Council, the following notation and definitions were adopted.
For a voting game with n voters, N={i 1 ,i 2 ,…,i n } is a nonempty finite set of voters and S is a subset of N. Any subset S ⊆ N is called a coalition. The subset S has the value (S)=1 if under the voting rule is sufficient to pass a positive action, otherwise subset S has the value (S)=0. A subset S is said to be a winning coalition S ∈ W if and only if (S)=1. The voter i is a critical member of a coalition S ∈ W if (S)=1 and (S -{i})=0.
The set of blocking coalitions is denoted as B. A subset S is a blocking coalition if N -S ∉W and S itself is not winning S ∉W . Minimal blocking coalition is a set of those elements S of B of which no proper subset belongs to B. A blocking coalition is minimal when none of the possible subcoalitions cannot guarantee the blocking of a decision in a given voting body.
L is a set of subsets N called losing coalitions. A set S is losing if its complement
A proper simple game is a pair (N, W ) such that :
 ∅ ∉ W , the empty set of voters is not a winning coalition;  N ∈ W , the entire set of voters constitutes a winning coalition;
 If S ∈ W and S ⊆ T then T ∈ W -if set S is winning and T contains all voters of S then T is also a winning coalition;  If S ∈ W then N -S ∉ W , a coalition complementary to the winning coalition must be a non-winning coalition.
Research design
The leading hypothesis of this work assumes that the UK's withdrawal from the European Union will lead to another, after the introduction of the double majority system, flow of voting power to the five largest member states, and to an increase in the indirect voting power of their residents. The verification of the hypothesis requires finding answers to two research questions.
Question 1: How will the voting power of the states in the Council change in the double majority system after the UK's withdrawal from the EU?
Only seven of the countries in which the population is larger than the community average will remain in the EU after Brexit. It can, therefore, be presumed that in the case of the measurement of the voting power in the Council using the Normalised Banzhaf Index (Banzhaf 1965) and the Preventive Power Index (Coleman 1971) the voting power of the member states with the largest population will increase, as support from them is crucial for the building of winning and blocking coalitions. The absence of the UK will make it more difficult to find a coalition partner with the right voting weight. At the same time, since the number of states required to adopt a Council decision by qualified majority will be reduced from 16 to 15, it should be assumed that the voting power of the four members of the Council with the smallest population is likely to weaken.
Question 2: Will the weighted voting system, after the UK's withdrawal from the EU, be closer to a system in which the indirect voting power of all residents is equal?
Assuming that the UK's withdrawal will increase the voting power of countries with the largest population, while at the same time diminishing the voting power of the smallest members of the Council, Brexit should bring us closer to the system where the voting powers of all residents in the EU are equal. However, the difference between these systems can still be quite significant.
Computer simulations
2 of voting of the member states in the Council using mathematical power indices will be conducted based on the cooperative game theory. They will serve to determine the change in a priori voting power of the member states in the Council. Determining the conditions for the performance of the simulations, it is assumed that casting a vote "for" or "against" a submitted proposal is random and equally likely for each of the decision-makers, and that they make the decision on how to vote independently. Consequently, it should be also assumed that the formation of each of the possible coalitions of players is equally likely. Thus, the negotiating situation will not be a subject of analysis here, but only the voting rule, in isolation from other factors.
It must be borne in mind that proposing their original indices to measure voting power, and Shubik (1954) , as well as Coleman (1971) , emphasised that they should be applied primarily in the designing of formal solutions establishing decision-making bodies, i.e. serve to compare different voting systems.
Shapley
Mathematical voting power indices are intended to determine a priori the impact of a voting rule in a given voting body on the distribution of voting power among its members. These indices, as Linder (2008: p.593) put it, "model the voting system as an 'abstract shell', without taking into consideration the voters' preferences, the range of issues over which a decision is taken, or the degree of affinity between the voters".
As a consequence, the application of the n-person game theory of weighted voting to the analysis of the voting power of states in the Council is met with accusations of insufficient empirical grounding, the cognitive and prospective value of such studies being questioned (Albert 2003 (Albert , 2004 Garret, Tsebelis 1999a , 1999b The NBI indicates the probability that a player (e.g. an EU Member State) will find himself in a position where it will depend on his position whether the proposal receives the majority support needed for its adoption by the voting body. The Power to Prevent (Block) Action Index indicates what is the chance of a member of a given voting body to block a decision. This index de facto determines the share of the winning coalitions that a given player is a critical member of in the total number of all winning coalitions.
It should be kept in mind that the PPI overestimates the voting power of those voting body members that frequently tend to take extreme positions.
Computer simulations, the results of which have been presented in the article, were based on official Eurostat data 3 .
In the case of an indirect analysis of the voting power of residents of individual member states, it was assumed that a two-level decision-making system operates in is assumed that each member state is a separate constituency and that an EU resident belongs only to one constituency (EU Member State) and independently expresses their opinion on the initiative considered in the Council, as if they were doing so in a poll in which they have one vote and can vote only "for" or "against" the proposed initiative.
At the same time, it is assumed that there is no significant correlation between residing in a particular state (affiliation with a constituency) and preference with regard to the issues that may become the subject matter of a decision in the Council. Representatives of a Member State in the Council vote "for" or "against" an initiative independently of one another, guided solely by the outcome of the poll in a given state. In this case, the impact of each resident on the outcome of voting in the Council is equal, if the voting power of the member states is proportional to the square root of population 4 .
We should agree with Kirsch (2007: p.373 ) that the correlation between the preferences of residents or citizens in particular constituencies varies over time and depending on the issues being resolved, while the weighted voting system in a particular institution usually operates over a long period of time. Hence, it seems acceptable to assume that there is no strong correlation of preferences among residents of EU member states.
To determine how much of each country's voting power in the Council is proportional to the square root of population, the ratio of voting power to the square root of population was determined. The ratio was calculated using the formula (ηS)/(Hs) 5 where:
η -the number of swings of a given player (member state) in a given voting system; H -the sum of swings of all players; s -the square root of the player's population; S -the sum of square roots of the populations of all players in the council.
If, for a Member State, the ratio assumes a value of exactly 1, then its voting power is directly proportional to the square root of population (number of residents). On the other hand, when such a value occurs for all members of the Council, then we are dealing with a voting system in which the indirect voting power of all residents of the member states is equal. Where the ratio assumes a value less than or equal to 1, then the respective voting power of a given state is underestimated or overestimated in relation to the square root of its population.
In order to answer the question of how much of a voting system in the Council is convergent with the so-called equal impact system and what changes in this regard will result from the UK's withdrawal from the EU, we will determine the average absolute deviation of the ratios of voting power to the square root of the population of individual EU states from the value of this ratio equalling 1 (full proportionality).
We shall use the following formula:
where:
x i -ratio of voting power to the square root of population of an individual player N -the total number of the players The D ratio indicates how much, on average, the voting power of the states in the analysed voting system is absolutely deviated from the weighted voting system in which the indirect voting power of all residents of those states is equal (assuming the above-mentioned assumptions are fulfilled). The higher the value of the D ratio, the 5 Felsenthal and Machover (1998: p.166).
higher the average absolute deviation of the voting power ratio to the square root of population of all players and, therefore, the analysed voting system is more divergent from the voting system where the voting power of all citizens in the EU is equal.
The population of member states
The Regulation of the European Parliament and of the Council on demographic statistics in Europe has normalised the way of measuring the population of individual EU member states for the needs of qualified majority voting in the Council (Regulation 1260/2013). It imposes on each country the obligation to provide the European Commission (Eurostat) with data on the population at the member state level on 31
December within eight months of the end of the reference year. In practice, the population of member states, for the purposes of qualified majority voting, is defined as the number of persons residing in an EU country at the time of reference. It is, therefore, the number of residents, and not citizens of the member state concerned, and it also includes nationals of other countries, including those who do not have EU citizenship (Kleinowski, Czaputowicz 2016: p. 142-143) .
As shown by the data presented in Table 1 , this system favours the countries of the 'old Union', in which the number of immigrants is relatively higher: for example, in Germany it is 10.5 percent, in United Kingdom and Italy more than 8 percent, in Spain more than 9 percent and in Luxembourg almost 48 percent, while in Poland it is only 0.41 percent of the population. In practice, this leads to an increase in the voting power of citizens, above all of those countries in which the relative number of immigrantsresidents is high. , but it did have some influ-
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A rise in the number of immigrants and refugees arriving in Europe was already noticeable in previous years.
ence on them. In the years 2014-2016, the total net migration balance for the entire EU was positive and amounted to 4 178 583 people, which is relatively small in relation to its population. However, there has been a concentration of migration in several member states, where the percentage of immigrants in the population was already quite high.
The target country of immigration was mainly Germany (2 214 009 The number of residents may not be equated with the total population of a state, but the differences are very small. For the majority of EU countries, the reported population is equal to, or slightly higher than the number of residents. A strange situation occurs only in Italy, where, according to official data, the number of residents is by ca. 640 000 people higher than the population of this country. Consequently, it is doubtful whether the given data are correct in this case. Table   2 , the UK's withdrawal from the EU has led to changes in the voting power of other member states as measured using the NBI and the PPI.
In the case of voting power measured using the NBI, Brexit leads to its flow towards the five members of the Council with the largest population, in particular Poland and Spain. Changing the weighted voting system will also be beneficial for Romania and the Netherlands, but to a much lesser extent. In turn, for the six member states with the smallest populations, the NBI assumes a slightly lower value. In the case of the other members of the Council, a very slight increase in their voting power can be observed.
Following the UK's withdrawal from the EU, only in the case of Germany, France,
Italy, Spain and Poland there will be an increase in the ability to block decisions measured by the PPI. This clearly indicates that after Brexit the importance of these states in the process of building blocking coalitions will increase even further. Theoretically, the change is most beneficial for the governments of Warsaw and Madrid, but their ability to block decisions will continue to diverge considerably from the opportunities that Italy, France and, above all, Germany will obtain. The ability to block a decision in the Council will decrease for all other states. At the same time, there is a relationship between population and a change in the PPI. With the decline in the population of a state, the value of the PPI decreases to a larger extent as a result of the UK's withdrawal from the EU. This indicates that the key criterion of weighing votes when creating blocking coalitions will be the EU population. Given that it is difficult to build a blocking coalition consisting of a large number of member states in the Council, the disproportion in the ability to block a decision between Germany, France and Italy and the remaining members of the Council may be even greater in practice.
It should be borne in mind that in the case of weighting votes in the Council in accordance with the double majority system, it is not easy to build a blocking coalition based on one country with a population of over 30 million. It is difficult even with two such member states, except when one of the coalition partners is Germany. Table 3 presents the smallest blocking coalitions possible to be created, assuming that maximum one or two countries out of six with the largest populations in the EU take part in them. An analysis of the data included in the table clearly indicates that, as a result of leaving the EU by Great Britain, it will be easier to build blocking coalitions around the five Council members with the largest populations. This will be the result of lowering the decision-making threshold of the population in the case of QMV, from approximately 332.0 million to 289.6 million people, i.e. by almost 42.5 million. After Brexit, the Franco-German tandem could create a blocking coalition with one more country with a population of around 8 million, if it were not for the fact that at least four Council members would still be required to create it 7 . It should be remembered that, in practice, there is very little chance of winning over the most populous countries from the group of medium-sized ones for a coalition. In most cases, a blocking coalition will have to be larger than the smallest one possible to create, by at least several countries. In the case of Poland or Spain building a blocking coalition with medium-sized and small states, this probably means the need to create a coalition exceeding 55% of EU countries. However, after Brexit, in the case of the governments in Madrid and Warsaw, it will be easier to create blocking coalitions in partnership with Germany, France or Italy, and for Poland also within the Visegrad
Group. Consequently, it should be stated that the UK's withdrawal from the EU will strengthen the position of the European Commission and, indirectly, of the three largest EU-27 member states -in terms of their population -as it will be much easier to accept the European Commission's proposal in the Council than to change or reject it. As a consequence, the "guardian of the law" in the EU can become its "midwife" even more. It only needs to win over 3-4 largest states (especially Germany) and 11-12 other Council members for its initiative.
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The creation of a blocking coalition by the German-French tandem will require winning over two countries with a total population of about 7 million people.
It should be kept in mind that in many cases a legislative initiative proposal prepared by the European Commission is neutral, or of minor importance for some member states and, in this case, they tend to support the proposal presented by the Commission. Therefore, after Brexit, it will gain a lot of freedom in shaping proposed initiatives, provided that it takes into account the preferences of the largest EU countries to a sufficient degree and, at the same time, it will be able to count on the support of the majority of Council members.
The voting power of member states in the Council changes, if we assume that there are relatively stable coalitions in it. Table 4 indicates how the voting power of Council members changes, measured using the NBI and PPI, assuming that the countries of the Visegrad Group and the Franco-German tandem co-ordinate their position on the EU forum. The size of the change was expressed as a percentage, in relation to the value of the voting power indices calculated on the assumption that all countries make their own decision independently of one another. The values of the indices for the cases mentioned above are presented in table 6, which has been attached in the annex.
In respect of the ability to block decisions in the Council, as measured using the PPI, the co-operation of V4 states leads to its reduction for all other members of the Council, also after the UK's withdrawal from the EU. Co-ordinating the position in the discussed institution by the members of the Visegrad Group increases their ability to build blocking coalitions, both in the EU consisting of 28 and 27 states. The PPI index for V4 takes the value of 0.7815 and 0.7997 respectively, which is more than in the case of Germany. Thus, the co-operation of the Czech Republic, Poland, Slovakia and Hungary in the Council definitely increases its ability to block decisions. However, it should be remembered that a condition for creating a blocking coalition is to recruit an appropriate number of coalition partners.
Co-ordinating the position in the Council at the same time by the Franco-German tandem and members of the Visegrad Group significantly affects the voting power of EU countries in this institution. In the case of a permanent coalition of the governments in Berlin and Paris, their NBI increases by only about 4% for EU-28, and practically does not change after Brexit. However, it should be noted that it takes very high values of around 0.2-0.22. The Franco-German tandem gains an extremely high ability to block decisions, as the PPI value is close to 1. This means that in practice it is unlikely that decisions in the Council will be adopted against France and Germany, especially after Brexit. As a result, when preparing a legislative initiative, the European Commission must take into account the interests of the Franco-German tandem to a sufficient degree.
In the discussed case, the co-operation of the members of the Visegrad Group increases the probability that they will be in the position of a key player for the adoption of an initiative in the Council by approximately 10%. At the same time, the V4 countries are an important partner in the case of attempts to build a blocking coalition.
In the case of other EU countries, including Italy, Great Britain and Spain, the cooperation between the Franco-German tandem and members of the Visegrad Group leads to a 30%-40% reduction in their ability to block decisions, measured using the PPI. In such a situation, it is very difficult for EU member states with medium-sized and small populations to build a blocking coalition without the support of at least one, and preferably two, Council members with a population of over 30 million. The total population of the countries making up the Visegrad Group is around 63,65 million, which is comparable to the population of France. Therefore, the position of the largest "players" in the Council most often determines whether the creation of a blocking coalition is feasible.
The impact of Brexit on the indirect voting power of EU residents in the Council
As a result of the UK's withdrawal, the EU population will decrease, which, coupled with the flow of voting power between the member states, will have a clear impact on the indirect voting power of EU residents in the Council and the convergence of the voting system in this institution with the so-called equal impact system.
Chart 1 presents how the ratio of the voting power of individual Council members (as measured using the NBI) to the square root of their population will change. Assuming that the population of states is determined by the number of people residing in a given country (residents), and not its citizens, we can observe that Brexit will lead to an even greater overestimation of Germany's voting power in relation to the voting system where the voting power of all residents in the EU is equal. In the case of France and Italy, for which, with 28 member states, the ratio of voting power to the square root of population assumed a value close to 1, the UK's withdrawal leads to a marked At the same time, Brexit will result in the underestimation of the indirect voting power of Croatian residents and will increase the underestimation of the voting power of states with a population of less than 20 million, and more than 4 million.
To answer the question about the extent to which the double weighted voting system in the Council is convergent with the voting system where the voting power of all citizens/inhabitants is equal, based on the data in Table 2 and Table 3 , the D ratio was determined for the EU consisting of 28 member states, as well as after the UK's withdrawal from it. As shown by the data presented in Table 1 , for EU-28 the D ratio assumes the value of 0.27, which means that the weighted voting system in force in the Council differs significantly from the system where the voting power of all residents is equal.
For comparison, in the case of the Nice system used in the past, it was only 0.131. As a result of Brexit, the value of the D ratio will be slightly reduced, but it will still be difficult to recognise the weighted voting system in the Council as consistent with the equal impact system. In connection with the fact that a mean is a measure sensitive to the occurrence of extreme values of a studied feature, the D ratio was calculated in the set of analysed data after excluding 15% of the statistical units of the studied general populations (EU states) with extreme values (2 states for which the voting power ratio to the square root of population was to the largest extent deviated from the value of 1, and 2 states for which the deviation was the smallest). In this case, for 28 EU states, the D ratio assumes the value of 0.187, while after the UK's withdrawal from the EU it amounts to 0.184. On the other hand, in the same situation for the Nice system, with 28 member states, the D ratio amounted to 0.12.
Conclusions
The conducted analysis confirms the truthfulness of the hypothesis put forward at the beginning. In the case of the first research questions asked (Q1), it should be stated that the UK's withdrawal from the EU will lead to a flow of voting power measured using the NBI primarily towards the five member states with the largest population, especially Germany. Brexit will increase the ability to block decisions, as measured by the PPI, by the five members of the Council with the largest population and, at the same time, lower it for all other states. There is a clear correlation here, according to which the decline in the PPI value in percentage terms increases with the decline in the population of the state. Co-ordinating the position in the Council by Germany and France, as well as by the Visegrad Group, leads to an increase in their voting power in this institution, especially after Brexit.
As a result of Brexit, there will be a clear overestimation of the indirect voting power of German and French residents (Q2), while underestimating the indirect voting power of residents of 15 countries. The weighted voting system in the Council for QMV decisions still will be deviating from the system where the voting power of all residents is equal to a significant extent -the D ratio amounted to 0.24.
It can be said that as a result of the UK's withdrawal from the EU, the importance of the population criterion in the building of blocking and winning coalitions within the Council will increase. The position of the five countries with the largest population, including Germany, France and Italy, will to an even larger extent determine the area within which a compromise in the negotiations conducted in the Council will be possible. Adres e-mail: kleinowski@umk.pl
Annex

